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ABSTRACT OF THE DISSERTATION

Non-moraic schwa: Phonology and phonetics

by SHU-HAO SHIH

Dissertation Director:

Paul de Lacy

This dissertation proposes that schwa can be non-moraic (Kager 1989, 1990, Féry 1995,
1996), analogous to high vowels. In addition, such moraless schwas can head syllables
(called ‘minor syllables’ after Matteson 1965, Lin 1993, 1997, 1998, Shaw 1994, Gafos
1998). Non-moraic, monomoraic, and bimoraic schwa can co-exist in the same
phonological system. One of the major empirical consequences of this theory is that it
accounts for stress systems in which stress avoids schwa. | go further in claiming that non-
moraic schwa is the only means by which stress systems are sensitive to vowel quality,
contra Kenstowicz (1997), de Lacy (2002, 2004, 2006), and others.

| argue that non-moraic, monomoraic, and bimoraic schwa co-exist in Piuma
Paiwan, an Austronesian language that has been reported to have sonority-sensitive stress
(Chen 2009a, b, Yeh 2011). My fieldwork and experimental results provide acoustic

evidence that stress avoids landing on a schwa. | argue that such avoidance is a side-effect



of schwa’s prosodic status: schwa is usually non-moraic in Piuma Paiwan. However, schwa
IS required to be monomoraic when it appears in the non-head position of a foot, and
bimoraic when it is forced to be in the head syllable of a foot. The different kinds of schwa
have significantly distinct phonetic effects, particularly in duration and vowel quality
variability.

The theory proposed here predicts that stress should never avoid non-central vowels.
One of the major challenges to this prediction is found in sonority-driven stress systems
that seem to make peripheral vowel distinctions. However, | will present experimental
evidence that the most discussed example of such a system — Gujarati — has been described
incorrectly (cf. de Lacy 2004). Of the five types of phonetic evidence examined, only F1
provides clear evidence for stress, revealing stress to be consistently penultimate, and not
sonority-driven. | will also show that many descriptions of putative sonority-driven stress
lack robust phonetic and phonological evidence. Finally, | present an Optimality Theory
factorial typology of constraints relating to schwa moraicity, and identify important

rankings for grammars with various effects.
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CHAPTER1

INTRODUCTION

1.1 Introduction

In this dissertation, | propose an enriched moraic representation for central vowels,
building on Moraic Theory (Hyman 1985, McCarthy & Prince 1986, Hayes 1989). In
particular, schwa will be the focus of the dissertation, but the proposed representation
applies to other central vowels, too (e.g. [i]).

A central proposal is that there is a non-moraic counterpart to schwa, agreeing with
Crosswhite (1999), Hyman (1985), Kager (1989), Féry (1995), Bensoukas (forthcoming),
and others. When combined with the possibility that syllables may not have heads (i.e.
‘minor syllables’ — Lin 1998 and others), the following structures for (open) syllables with

schwas are possible.

1) Syllables with schwa

a. Minor syllable b. Monomoraic schwa c. Bimoraic schwa
with nonmoraic schwa
(@ (@) (@
u nou
| N
C o 2 C 9
[C7] [Cq] [Ca]

This dissertation will focus on the phonological and phonetic theory of minor syllables

with non-moraic schwa, and its empirical consequences.



I will argue that the minor syllable schwa structure in (1a) comes about through a
conflict between constraints that are violated when schwa bears a mora (i.e. *p/a), vs. those
that require moras in specific environments.These include HEADEDNESS-c, which requires
syllables to have moras, and FTBINy, which requires feet to be bimoraic. The tableau
below shows how syllables with both moraic and non-moraic schwa are well-formedin the
same system. Candidate (2b) wins because it has a moraic schwa (ta") in the foot, as
required by FTBINy, and a non-moraic schwa outside the foot, as preferred by *u/a. The
other candidates either flout *u/o by having too many moraic schwas (e.g. candidate 2c),

or violate FTBINp by failing to have bimoraic feet (candidate 2a).

2 Non-moraic and moraic schwa

/pataka/ FTBINu *ulo HEADEDNESS-G
a. (pa~.t)k? *1 o

w b. (pat.to")k® * *
c. (pa*.tot)kot **|

A great deal of this dissertation is spent exploring the phonetic consequences of
non-moraic schwa. | argue that non-moraic schwa is characterized by an extremely short
duration, in close accord with Crosswhite (1999: ch.7). The phonetic effect is that non-
moraic schwas are significantly shorter than moraic schwas, which are in turn shorter than
bimoraic schwas. Evidence for the three types of schwa comes from my fieldwork and
experiments on Piuma Paiwan, an Austronesian language spoken in Taiwan. | show in
chapter 3 that all three types of schwa exist in this language.

A further phonological proposal is that markedness constraints are restricted in their

internal structure, building on 1t6 & Mester (2003):



3 Hierarchical Locality restriction on markedness constraints
If a markedness constraint mentions prosodic node p, it may mention nodes at p-1

and p-2, but no nodes at other levels.

The formal effect of Hierarchical Locality is that there can be no constraints of the form
*HDrt/o, which is violated when a root node with the sonority of schwa is dominated by
the head mora of a head syllable of a foot. This constraint refers to prosodic levels three
tiers apart (Ft vs. root node), and so cannot exist in CON.

The empirical effect of Hierarchical Locality is that there is no direct reference from
the metrical level to the level of vowel sonority. Consequently, the ability of stress systems
to refer to sonority levels is severely restricted. In fact, | demonstrate that the only way
that stress can be sensitive to sonority is via non-moraic schwa. The theory therefore

predicts the following:

4) Predictions about sonority-driven stress
a. Stress may avoid schwa, but only if it is non-moraic

b. Stress may not avoid any other sonority level

These predictions are at odds with a great deal of work on sonority-driven stress
(Kenstowicz 1997, de Lacy 2002, 2004, 2006). Chapter 3 shows how prediction (4a) works
by illustrating how non-moraic schwa causes stress to fall on a non-default position in

Piuma Paiwan. Chapter 4 addresses (4b) by looking at the most robustly attested case of



non-peripheral sonority-driven stress — Gujarati. | show that contrary to previous
impressionistic descriptions, there is no acoustic evidence that stress avoids peripheral
vowels. In other words, the only way in which stress can be sonority-sensitive is to avoid
schwa, and it does so indirectly — via schwa’s lack of a mora.

The rest of this chapter expands on the points made above. Section 1.2 discusses
the proposals, section 1.3 outlines the empirical consequences, and section 1.4 outlines the

rest of the dissertation.

1.2 Proposals

This section proposes the phonological representation of non-moraic and moraic schwas,
and argues that schwa’s moraicity is detectable via duration and variation in vowel quality.
Section 1.2.1 proposes the phonological representation of non-moraic, monomoraic, and

bimoraic schwa. Section 1.2.2 discusses the phonetic properties of different kinds of schwa.

1.2.1 Phonological proposals

Following previous studies, | propose that schwa can be non-moraic (Crosswhite 1999,
Kager 1989, 1990, Féry 1995, 1996), and that a moraless schwa can head a ‘minor’ syllable
(Matteson 1965, Lin 1993, 1997, 1998, Shaw 1994, Gafos 1998). For further discussion
of previous work, see section 2.5 in chapter 2. Furthermore, | propose that non-moraic,
monomoraic, and bimoraic schwas can co-exist in the same phonological system. The
representational consequences of this proposal are given in (5), repeated here for

convenience:



5) Syllables with schwa

a. Minor syllable b. Monomoraic schwa c. Bimoraic schwa
with nonmoraic schwa
(¢} () ()
u nop
| N
C o C e} C )
[C7] [Ca] [Ca:]

In (5b) and (5c), schwa is directly dominated by one and two moras, respectively. In
contrast, in (5a) the schwa does not bear a mora; instead it is immediately dominated by a
syllable node. Thus, (5a) is an instantiation of a minor syllable.

| argue that the motivation to have non-moraic schwa is the following constraint:

(6) Constraints on moras and sonority levels (after Zec 2007, also see Prince &

Smolensky 2004)

*ulo  “Incur a violation for every schwa that bears a mora.”

The constraint *p/s is part of the family of constraints *u/o, *w/{s,i/u}, *w/{s,i/u,e/o},
*u/{s,i/u,e/o,a}, which regulate the content of syllable nuclei.

In opposition to *u/s are constraints that require moras. In most direct opposition
is the constraint HEADEDNESS-c (HDo), which expresses the tendency for prosodic nodes

to dominate at least one node belonging to the tier immediately below it (Selkirk 1989,

1995):

(7) HEADEDNESS-c “Incur a violation for any ¢ that does not dominate a p.”



Other constraints can also require moras, but in specific environments. For example,
FTBINp requires feet to have two moras; it can force schwa to be moraic for foot-form
purposes.

| argue that the moraic content of schwa is determined on a language-specific and
contextual basis. Three possibilities arise. First, a language may only have non-moraic
schwa. Second, a language may only have moraic schwa. Third, a language may have a
mixture: non-moraic and moraic schwas co-exist in the same phonological system in
different environments. The tableau below shows how such a typology can come about.
Candidate (8a) has only non-moraic schwas, and can win if *u/o outranks both
HEADEDNESS-c and FTBINp. Candidate (8b) has both moraic and non-moraic schwa, and
wins in the ranking FTBINu » *u/o » HEADEDNESS-c.  Candidate (8c) has only moraic

schwa, and wins if HEADEDNESS-c outranks *p/a.

(8) Three possible schwa systems

/pataka/ FTBINu *ulo HEADEDNESS-G
w a. (pat.t)k® * o
w b. (pat.to")k® * *
@ C. (pat.to)koH *x

As I will show in chapter 5, Chuvash (also German and Dutch) is a potential candidate for
the non-moraic schwa system, and Eastern Armenian for the moraic schwa system. Lastly,
I will show that Piuma Paiwan has a mixed system, as can be seen in chapter 3.

The theory makes a variety of predictions about exactly which kind of mixed
systems — i.e. systems with both moraic and non-moraic schwa — can exist. For example,

using the constraints discussed in this dissertation, it is impossible to have a mixed system



where non-moraic schwas are required in the non-head of a foot, but moraic schwas are
required outside feet (i.e. *[(pad“.t°)ka"]). An extensive typological survey is provided in
chapter 5.

Another proposal made here is that prosody is myopic. That is, the form of
markedness constraints that mention prosodic nodes is highly restricted. Specifically, I will
argue that stress does not have access to vowel sonority, consistent with 1t6 & Mester
(2003)’s proposal on hierarchical locality. The particular implemetation of the restriction

is given above in (3), repeated here for convenience:

9) Hierarchical Locality restriction on markedness constraints
If a markedness constraint mentions prosodic node p, it may mention nodes at p-1

and p-2, but no nodes at other levels.

That is, within any given domain, only the immediately internal structure of the subjacent
domain can be accessed. For example, foot-internal structure is visible at the Prosodic
Word level, but sylalble internal structure (i.e. moraic structure) is opaque; only at the level
of the foot can syllable-internal structure be directly accessed. Similar restrictions apply to
higher prosodic domains. At the level of the phonological phrase, the internal structure of
Prosodic Words will be visible, but not the internal structure of feet or syllables, and so on.

In contrast, sonority is not a subsegmental feature — it behaves like manner features,
which McCarthy (1988) proposes inhabit the root node. As a result, the Ft level only has
access to the levels of ¢ and p in the prosodic hierarchy. The consequence is that there can

be no constraints that directly connect feet and sonority levels, contrary to theories by



Kenstowicz (1997) and de Lacy (2002 et seq.).

The empirical evidence for this restriction comes from my experiments and
fieldwork on Gujarati and Piuma Paiwan, both of which are claimed to have sonority-
driven stress. Chapters 3 and 4 will show that stress is not influnced by vowel sonority.
Instead, moraic content plays the crucial role in deternining stress position. The
consequence is that there is no need to have prosodic constraints that directly connect feet

to vowel sonority.

1.2.2 Phonetic proposals
It has been noted in many studies that syllables containing schwa are phonetically distinct
from syllables containing full vowels. For example, Swedish schwa vowels are
characterized by lower amplitude and shorter duration than full vowels (Lindblom 1963).
However, much less attention has been devoted to the question of what the phonetic
characteristics of schwa vowels are, as noted by Flemming (2009).

| propose that different kinds of schwa have distinct acoustic effects, particularly in
duration and vowel quality variability. In these proposals, | follow Crosswhite (1999: ch.7)

to a great extent.

(10)  Phonetic properties of schwa
Moraless schwa = minimal duration; large vowel quality variance.
Moraic schwa = longer duration; small vowel quality variance.

Bimoraic schwa = even longer duration; small vowel quality variance.



Moraic quantity determines duration (e.g. Hubbard 1995, Broselow et al. 1997), so schwa’s
duration is determined based on the number of moras. Here, | propose that bimoraic schwa
is perceptually distinctively longer than monomoraic and non-moraic schwas, and
monomoraic schwa is then perceptually distinctively longer than non-moraic schwa.
Crucially, since non-moraic schwa has no moras at all, it has minimal (intrinsic) duration.
The theory predicts that if any duration pattern is found that does not follow the moraic
content just described, the duration observed will not be due to moras, but to some other
duration-extending phonological or phonetic process (e.g. phrase-final lengthening).
Detailed illustration is provided in chapter 3.

Second, | propose that non-moraic schwas have greater variation in vowel quality
(F1 and F2) than moraic schwas. Several studies have noted that the quality of schwa is
affected by the acoustic and articulatory properties of neighboring environments (e.g.
Browman & Goldstein 1992, Koopmans-van Beinum 1994, Flemming & Johnson 2007,
Flemming 2009). Van Oostendrop (2000) interprets this characteristic as evidence for the
placelessness of schwa. However, duration can condition varaition in vowel quality
(Lindblom 1990). Specifically, articulatory targets may not be fully reached, because there
is insufficient time for articulatory movement. Since non-moraic schwa is significantly
shorter than moraic schwa, non-moraic schwa therefore has less time for articulatory
movement than moraic schwa. So, non-moraic schwa is predicted to show greater vowel
quality variance than moraic schwa. Thus, variation in vowel quality, or phonetic
undershoot, can be viewed as a phonetic property that is parasitic on duration.

In sum, | have proposed that duration and vowel quality variance can be used to

detect different kinds of schwa. As | will show in chapter 3, the phonetic properties



10

mentioned above provide evidence for non-moraic, monomoraic, and bimoraic schwas in

Piuma Paiwan.

1.3 Empirical consequences

| have proposed that there are non-moraic schwas (Kager 1989, 1990, Féry 1995, 1996),
and that non-moraic schwa can co-exist with moraic schwa in the same phonological
system. Some major consequences for the analysis of stress and vowel reduction follow
from these proposals. As Crosswhite (1999) has discussed non-moraic schwa and vowel
reduction in some detail (also see chapter 5), | focus on stress here. Specifically, the theory
predicts that true sonority-driven stress systems do not exist, contra Kenstowicz (1997), de
Lacy (2002, 2004, 2006), and others.

A ‘sonority-driven’ stress system is one where the relative sonority of syllabic
nuclei is a factor in determining the position of metrical structure. The universal sonority

hierarchy is given in (11) (Kenstowicz 1997, de Lacy 2002, 2004, 2007).

(11)  Universal sonority hierarchy (Kenstowicz 1997: 162, de Lacy 2002: 55)
low peripheral > mid peripheral > high peripheral > mid central > high central

[Pl < 2 [ 94 2 [P Li?

a e,0 L,u 2

Peripheral vowels are more sonorous than central ones, and within those groups lower
vowels are more sonorous than higher ones.
The precise sensitivity of foot structure to sonority levels is language-specific. For

example, de Lacy (2002) proposes that disyllabic words in Gujarati have the following
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sonority hierarchy: |a>eoeoui>a| Thatis, the low vowel [a] is more sonorous than
non-[a] vowels, and full vowels are more sonorous than schwa. The effect is that while
stress falls on the penultimate syllable by default, it will fall on the final or antepenultimate
syllable if they contain [a] and the penult contains a less sonorous vowel. Examples are

given in (12).

(12)  Gujarati with sonority-driven stress (data from de Lacy 2002: 72)
a. Default stress on penult
[sada] ‘plus %5’
[d34ja] ‘let’s go’
b. Stress falls on ultimate [a] if penult is a non-[a] vowel
[fikar] ‘a hunt’
[heran] ‘distressed’
c. Stress falls on penultimate [a] if ultima is a non-[a] vowel
[same] ‘in front’

[sadu] ‘plain’

In (12a), stress falls on the penultimate syllable — the default position — when both vowels
are [a]. However, stress is retracted to an [a] in the final syllable when the penult contains
other vowels — all of which are less sonorous than [a], as in (12b). If the final syllable
contains a vowel other than [a], stress falls on the penultimate position, as in (12c). In other
words, since [a] is more sonorous than other vowels, it attracts stress away from the default

position, so it is a case of ‘sonority-driven stress’.
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Furthermore, the typology of sonority-driven stress can be classified into two
types: (i) stress which is sensitive to peripheral vowel distinctions, and (ii) stress which is
solely sensitive to central vowels (schwa).

As discussed in section 1.2.1, | propose that prosody is myopic. Feet can directly
‘see’ the internal structure of syllables (i.e. moras), but not below the moraic level. In
formal terms, there are no markedness constraints that mention both Foot nodes and root
nodes or their properties. The empirical consequence is that stress cannot be sensitive to
peripheral vowel distinctions, and so Gujarati cannot be accurately described as a ‘sonority-
driven’ stress language.

I will argue in chapter 4 that there is no phonetic evidence for sonority-driven stress
in Guajarati — the most well described case with peripheral vowel distinctions (also see
Shih 2016, 2018). There is no acoustic evidence that stress ever falls on non-penultimate
syllables. Chapter 5 further reviews all other cases of sonority-driven stress, and finds that
the phonological and phonetic evidence for stress’s sensitivity to peripheral vowels is either
weak or non-existent.

However, the theory predicts that it is possible to have an ‘apparent’ sonority-driven
stress system. In the present proposal, such a system comes about as a side-effect of non-
moraic schwa. For example, in a language with default penultimate stress, if feet must be
headed by a mora, stress will appear to ‘shift’ to a non-penultimate syllable if the penult
contains schwa. The following two tableaux illustrate this situation. The first tableau
shows how default penultimate stress comes about — through the action of ALLFTR, which
requires feet to be rightmost; TROCHEE, which requires that the leftmost syllable in the foot

be the head; and FTBINy, which requires feet to be bimoraic.
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(13) Default penultimate stress

/kato/ TROCHEE | ALLFTR | *u/o | HpD-c | FTBINu
w a. (kato)

b. ka(t6) *)

c. (kd)to *| *

d. (kato) *|

However, if the penult contains a schwa and the schwa is required to be non-moraic, the
effect is that the foot can be compressed to encompass only the final syllable. The
following tableau shows how this result comes about. The candidate [(ksto)], with
penultimate stress, fatally violates *p/s because it contains a moraic schwa. The candidate
[(k°to)] has no foot head at all, and so violates TROCHEE. The candidate [(k°t0)] also
violates TROCHEE because it has a right-headed foot. The last candidate standing is
therefore [k°(t6)], which avoids moraic schwa at the expense of having a degenerate foot

on the final syllable.

(14)  Schwa in the default stress position

/kato/ TROCHEE | ALLFTR | *u/o | Hp-o | FTBINu
w  a. k(to) * *

b. (kdto) *

c. (ko) *1

d. (k°t0) *1

In other words, when stress avoids schwa, it does so as a side-effect of schwa’s prosodic
status: schwa is non-moraic. So, there are no sonority-driven stress systems which are
motivated by constraints that refer to a direct connection between feet and sonority levels.
Instead, all sonority-driven stress is due to the distribution of non-moraic schwa and how

this interacts with foot structure. The phonetic prediction is that whenever schwa is
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avoided in stress systems, it should have the acoustic characteristics of non-moraic schwa,

as mentioned in section 1.2.2 above.

1.4 Outline of the case studies

A central claim of this dissertation is that there are non-moraic and moraic schwas.
Furthermore, they can coexist in the same grammar. | will argue that evidence from Piuma
Paiwan supports this claim. Moreover, the proposed theory predicts that stress assignment
is never influenced by vowel sonority. | will provide evidence from Guijarati, together with
Piuma Paiwan, that stress assignment is immune to vowel sonority.

Chapter 3 argues that moraic and non-moraic schwa can co-exist in Piuma Paiwan,
an Austronesian language that has been reported to have sonority-sensitive stress (Chen
2009a, b, Yeh 2011). All descriptions agree that stress avoids the lowest sonority vowel —
schwa — when there is a more sonorous one in the final syllable: [kori] ‘small’ cf. [kaka]
‘sibling’. Surprisingly, stress also moves away from a penultimate schwa when the final
syllable also contains schwa: [[o43t] ‘lip’. 1 will show that although there is objective
acoustic evidence that stress avoids landing on a schwa, such avoidance is actually a side-
effect of schwa’s prosodic status: schwa is usually non-moraic in Piuma Paiwan. However,
under certain foot-related conditions, schwa 1s required to have moras. Strikingly, schwa is
required to be monomoraic when in the non-head position of a foot, and bimoraic when it
is in the head syllable of a foot. The result is that Pluma Paiwan has three types of schwa:
bimoraic [2:], monomoraic [9], and nonmoraic [°]. The different kinds of schwa have

significantly distinct acoustic effects, particularly in duration and vowel quality variability.
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When schwa lacks a mora, it is phonetically realized as extremely short, and its height and
backness are highly influenced by surrounding segments.

Chapter 4 presents evidence against the existence of sonority-driven stress in
Guijarati. Gujarati is one of the clearest and most revealing cases of sonority-driven stress
with distinctions among peripheral vowels (de Lacy 2004). A production experiment was
performed to determine the accuracy of the claim that [a] attracts stress away from the
default position (Cardona 1965, Mistry 1997, de Lacy 2002, Cardona & Suthar 2003,
Doctor 2004, Schiering & van der Hulst 2010). Specifically, stress is attracted away from
the default penultimate position if there is an [a] elsewhere: [fikar] ‘a hunt’ cf. [d34aja] ‘let’s
go’ (data from de Lacy 2002). Of the five types of phonetic evidence examined, only F1
provides clear evidence for stress, revealing stress to be consistently penultimate, and not
sonority-driven. In short, the results from Gujarati support the claim that stress assignment
is not influenced by peripheral vowels.

Chapter 5 provides an extensive typological survey of languages reported to have
sonority-driven stress. | will offer a survey of languages with peripheral distinctions, and
languages reported to avoid central vowels (mostly schwa). Crucially, I will show that most
of the descriptions are impressionistic and without phonetic or phonological evidence to
support the described metrical structure. Even for descriptions providing potential evidence
for stress, | will argue that they are either weak or not relevant to the metrical structure.
Finally, I will present a factorial typology and demonstrate that many sonority-driven stress

systems can be generated by constraints that do not refer to vowel sonority.
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CHAPTER 2

THEORY

2.1 Introduction
The goal of this chapter is to describe the phonological and phonetic theory proposed in
this dissertation, and discuss what constitutes potential evidence for the theory.

The core of the theory is that syllables that contain a non-moraic schwa are possible

in phonological outputs, such as those shown below:

1) Syllables with non-moraic schwa
() (&) ()

Such syllables arise through a pressure for schwa to be non-moraic, expressed as the
constraint *u/o — one of a family of constraints that regulates the sonority of syllable nuclei.
Antagonostic to this constraint are requirements that syllables have moras — both directly
and indirectly.

The theory further advances the following restriction on markedness constraints:

(2) Hierarchical Locality restriction on markedness constraints
If a markedness constraint mentions prosodic node p, it may mention nodes at p-1

and p-2, but not nodes at other levels.
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The Hierarchical Locality restriction, building on 1t6 & Mester (2003), means that
there can be no constraints like *HDrt/s, which is violated when a schwa appears in the
head mora of the head syllable of the head foot. As such, certain kinds of sonority-driven
systems are predicted to be impossible (contra Kenstowicz 1997, de Lacy 2002 et seq.).

Section 2.2 proposes the representation of non-moraic and moraic schwa, and
discusses the constraints that motivate them. Section 2.3 proposes phonetic properties of
non-moraic and moraic schwa. Section 2.4 reviews phonological and phonetic evidence

for metrical structure, while section 2.5 reviews the history of non-moraic schwa.

2.2 Phonological proposals

This section consists of two parts. Section 2.2.1 proposes the phonological representation
of non-moraic and moraic schwa. Section 2.2.2 discusses constraints motivating non-

moraic and moraic schwa in Optimality Theory.

2.2.1 Representation

In accord with previous proposals, | propose that schwa can be non-moraic (Kager
1989, 1990, Féry 1995, 1996, Crosswhite 1999, and others — see below). In this way, it
behaves in the same way as high vowels, which have non-moraic counterparts (Hyman
1985, Hayes 1989, and many others). For example, in (3), the high vowel /i/ surfaces as a

glides [j], while /u/ surfaces as [u] because it is attached to a mora.
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3) High vowels and glides in moraic theory
(e}

il
[
[iu]
In this dissertation, moraic schwa is written as [s], while non-moraic schwa is represented
as [°].

Just like non-moraic [j] and [w], [°] can can occupy syllable onsets and non-moraic

codas, as represented below with the syllables [p®i] in (4a) and [pi°] in (4b).

4) Non-moraic schwas in syllable margins
a. c b. c

o o

p o | p 1 9

Non-moraic schwas in syllable margins produce rising and falling light (i.e. monomoraic)
diphthongs. However, diphthongs are not the focus of this dissertation, so I will focus on
non-moraic schwa’s role in syllable nuclei.

| propose that schwa is special because it is always [+vocalic], even when it is non-
moraic. This contrasts with the glides [j] and [w] which are [-vocalic]. The [+vocalic]
feature of schwa allows it to head syllables without a mora. Of course, like other vowels,
schwa may bear moras — either one or two. So, the following three syllable structures are

possible:
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5) Syllables with schwa

a. Minor/defective syllable b. Monomoraic schwa c. Bimoraic schwa
with nonmoraic schwa
(¢} () ()
u nop
| N
C o e} C )
[C7] [Ca] [Ca:]

The representation in (5a) is the same as that of minor (or ‘defective’) syllables (Matteson
1965, Lin 1993, 1997, 1998, Shaw 1994, Gafos 1998, and many others), and has also been
proposed to account for weightless or reduced vowels (e.g. Crosswhite 1999 and others).
In this dissertation, | will make the restrictive assumption that only schwa can appear in
structures like (5a) because it is uniquely a [+vocalic] non-moraic segment. In other words,
every syllable must contain either a mora or a vocalic segment. So, as an example, there
are no minor syllables with the form [pj], where [j] is a nonmoraic high vowel. Minor
syllables are discussed further below. From now on, the representation in (5a) will be
called ‘minor syllable schwa’.

Importantly, the moraicity of schwa is not a parametric choice — | propose that non-
moraic, monomoraic, and bimoraic schwas can co-exist in the same phonological system.
Chapter 3 will present evidence from Piuma Paiwan that shows that while schwa is usually
non-moraic in that language, it is monomoraic when it is in the non-head position of a foot,
and bimoraic when it is forced to be in the head syllable of a foot.

We will see below in the discussion of constraints that three types of language can
arise with regard to minor syllable schwas. First, a language may only allow non-moraic
schwas. Second, a language may require schwa to be moraic. Third, a language may have

a mixed combination: non-moraic and moraic schwas co-exist in the same phonological
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system. As | will show in chapter 5, Chuvash is a potential candidate for the non-moraic
schwa system, and Eastern Armenian for the moraic schwa system. Lastly, chapter 3
presents evidence that Piuma Paiwan has a mixed system. An extensive typological survey

is provided in chapter 5.

2.2.2 Computation

The second part of the proposal is the computational mechanism that forms minor
syllable schwas. In general terms, the existence of minor syllable schwa is due to
conflicting phonological pressures.
There is pressure against schwa having a mora: that is the general pressure for lower
sonor